In this paper, the robust finite-time H ∞ filter design problem for uncertain systems subject to missing measurements is investigated. It is assumed that the system is subject to the norm-bounded uncertainties and the measurements of the output are intermittent. For the model of the missing measurements, the Bernoulli process is adopted. A full-order filter is proposed to estimate the signal which can track the signal to be estimated. By augmenting the system vector, a stochastic augmented system is obtained. Based on the analysis of the robust stochastic finite-time stability and the H ∞ performance, the filter design method is obtained. The filter parameters can be calculated by solving a sequence of linear matrix inequalities. Finally, a numerical example is used to show the design procedure and the effectiveness of the proposed design approach.
Introduction
In the modern control, a filter plays an important role since the filter can be used to estimate the unavailable state and filter the external noise. Therefore, the filter design has been a hot research topic since the original development of the modern control. It is well known that the Kalman filter is an effective way to estimate state. However, the Kalman filter requires the preliminary knowledge of the spectrum of the noise and the precise system model. However, in many practical cases, these requirements cannot be satisfied. In these cases, the H ∞ filter is a great alternative. The H ∞ filter, which was originally proposed in the late s [] , has attracted a lot of attention due to the fact that the filter can be easily utilized to deal with the uncertainties and the attenuation effect from the external input to the estimated signal [-].
In the state-space model, it is always assumed that system matrices are precise. However, in the real world, these matrices are unavoidable to contain uncertainties which can result from the modeling error or variations of the system parameters. During the past  years, the norm-bounded uncertainties have been widely adopted in the system modeling for practical plants, such as the works in [-]. In [] , the norm-bounded uncertainties were used in the time-delay linear systems. While in [] , the norm-bounded uncertainties were used in the neutral systems.
In the literature, most of the works on the H ∞ filtering were based on the Lyapunov asymptotic stability. However, in many practical applications, the asymptotic stability is http://www. The missing measurements have been attracting a great number of attention due to the fact that the measurements are missing when sensors temporally fail [-] . If the phenomenon of missing measurements is not considered during the filter design, the actual missing measurements may deteriorate the designed filters. Although, there are many results on the H ∞ filtering, uncertain systems, and finite-time stability, there are few results on the H ∞ filtering for uncertain systems subject to missing measurements. This fact motivates me to do the research. In this paper, the contributions can be summarized as follows. The missing measurements are considered the finite-time framework. Due to the existence of the stochastic variable in the augmented system, the robust stochastic finite-time boundedness is studied for the uncertain stochastic system. Moreover, the H ∞ filtering with the robust stochastic finite-time stability is investigated.
Problem formulation
In this paper, the following uncertain discrete-time linear system is considered:
where x k ∈ R n denotes the state vector, y k ∈ R m is the system output, z k ∈ R p is the signal to be estimated, and ω k ∈ R r is the time-varying disturbance which satisfies
where d >  is a given scalar. The matrices A, B, C, D, and E are constant matrices with appropriate dimensions. A, B, C, and D are real time-varying matrix functions representing the time-varying parameter uncertainties. It is assumed that the uncertainties are norm-bounded and admissible, which can be modeled as
where H  , H  , M  , M  , M  , and M  are known real constant matrices and G k is an unknown time-varying matrix function satisfying
If the sampling of the output is perfect, the input of the filter is equal to the output of the system. However, if considering the intermittent sensor failures, the phenomenon of http://www.journalofinequalitiesandapplications.com/content/2013/1/236 missing measurements occurs. This phenomenon was firstly proposed in [] . Since the reliability of the system becomes more and more important, the filter and control design problem for systems subject to missing measurements has been a hot topic in recent years [, , ]. Inspired by the work in [] , the model of the missing measurement in this paper is expressed as follows: whereŷ k is the input of the filter to be designed. If a Bernoulli process is used to describe the phenomenon, the measured output is expressed aŝ
where the stochastic variable r k is a Bernoulli distributed white sequence taking values in the set {, }.
The main objective of this paper is to design a full-order filter for the system () in the following form:
wherex k is the state of the filter,ẑ k is an estimation of z k , and A f , B f and E f are filter parameters to be designed later.
Suppose that β is the probability of the available measuring. Defining the filtering error e k as e k = z k -ẑ k , the following augmented system can be obtained:
where
Note that there is a stochastic variable α k and some norm-bounded uncertainties in the augmented system in (). Therefore, the challenge now is how to design the filter such that the augmented system in () is robustly stochastically finite-time bounded and the effect of the disturbance input to the signal to be estimated is constrained to a prescribed level.
Before proceeding, the following definitions are introduced. 
is said to be FTS with respect to (c  , c  , R, N), where R is a positive definite matrix,  < c  < c  and
Definition  (Robustly stochastically finite-time stable (RSFTS)) For a class of discretetime linear uncertain systems,
is said to be RSFTS with respect to (c  , c  , R, N), where the system matrixĀ( A, α k ) has the uncertainty and the stochastic variable, R is a positive definite matrix,  < c  < c  and
Definition  (Robustly stochastically finite-time bounded (RSFTB)) For a class of discrete-time linear uncertain systems,
is said to be RSFTB with respect to (c  , c  , d, R, N), where the system matrixĀ( A, α k ) has the uncertainty and the stochastic variable, the input matrix contains the norm-bounded uncertainty, R is a positive definite matrix,  < c  < c  and N ∈ N  , if for all admissible uncertainties A and B, stochastic variable α k , ξ
With the above definitions, the main objectives in this paper can be summarized as follows. For the uncertainty in , design the full-order filter () such that for all the admissible uncertainties and the missing measurements,
• the augmented system () is RSFTS;
• under the zero-initial condition, the signal to be estimated z k satisfies
for all l  -bounded ω k , where the prescribed value γ is the H ∞ attenuation level. In addition, some useful lemmas are also needed. 
holds if and only if there exists a positive scaler ε >  such that
is satisfied.
Main results

Finite-time stability and H ∞ performance analysis
In this section, the finite-time stability, robust finite-time stability, and robust stochastic finite-time stability will be analyzed by assuming the parameters of the filter to be designed are given. 
and
Proof Consider the following Lyapunov function:
where P  is a symmetric positive-definite matrix. For the augmented system in (), the expectation of one step advance of the Lyapunov function can be derived as
Note that
By using the Schur complement, the condition in () implies that
since the condition in () can be rewritten as
With the condition (), the following inequality can be obtained:
Taking the iterative operation with respect to the time instant k, the following inequality is derived:
It follows from the Lyapunov function that
Combing () and (), one gets
It is inferred from the conditions () and () that
Therefore, if the conditions () and () hold, the augmented system () is RSFTB. The proof is completed.
It is noticed that there is a positive-definite matrix P  in Theorem . The matrix P  can be randomly chosen. For considering the H ∞ performance, other sufficient conditions are provided in the following theorem.
Theorem  The augmented system in () is RSFTB with respect to (c  , c  , d, R, N) if there exist positive-definite matrix P = P
T and three scalars θ ≥ , ε > , and γ >  such that the following conditions hold:
Proof To prove the theorem, P  and P  in Theorem  can be replaced with P and γ  I/θ , respectively. The proof is completed.
The robust stochastic finite-time stability and the robust stochastic finite-time boundedness of the augmented system () have been offered. Now, we are going to consider the H ∞ performance. 
Theorem 
Proof In the proof of H ∞ performance, it is required that the initial value of the state is zero. Therefore, c  in Theorem  is set to be zero. Under the zero-initial condition, consider the following cost function:
The cost function can be revaluated with similar lines in Theorem .
Filter design
The robust stochastic finite-time stability and the H ∞ performance have been investigated in the above subsection. In this subsection, the filter design method will be proposed. 
Theorem  Given a positive constant
Moreover, the filter parameters can be calculated as
Proof It is assumed that the Lyapunov weighting matrix has the following structure:
where σ is a prescribed scalar. With this assumption, the coupled terms in Theorem  can be evaluated as follows:
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Defining new variables as A F = P  A f and B F = P  B f , the condition in () is equivalent to (). Supposing that
the conditions () and () can guarantee that the condition () is satisfied.
The H ∞ performance γ refers to the attenuation level from the external noise to the signal to be estimated. Therefore, it is desired that the performance γ should be as small as possible. For fixed θ and c  , the optimal γ can be obtained by
s.t. (), () and ().
()
Numerical example
Consider the system in () with the following matrix:
In this example, the following values are chosen for the finite-time stability:
It is assumed that the probability of the available measurements is ., that is, % of the output is randomly missing. With the proposed filter design problem in (), the achieved minimum H ∞ performance index is γ = . and the corresponding optimal filter is In the simulation, assume that the external disturbance satisfies
and the time-varying parameter satisfies
It is easy to check that the -norm of the external disturbance is less than d which is . and the time-varying parameter G k ≤ . It can be seen from Figure signalẑ k can track the signal to be estimated well. The intermittent measurements in the random simulation are shown in Figure  .
Conclusion
In this paper, the robust finite-time H ∞ filter design problem of discrete-time systems subject to missing measurements has been investigated. The uncertainties in the system matrices are assumed to be norm-bounded. The measurements of the system output are intermittent and a Bernoulli process is used to model the intermittent measurements. http://www.journalofinequalitiesandapplications.com/content/2013/1/236
Based on the results of the robust stochastic finite-time stability and the H ∞ performance, the filter design approach was proposed. Finally, an illustrative example was used to show the design procedure and the effectiveness of the proposed design approach.
